Summary: Purpose of this study was to estimate heritability, in broad and narrow sense, for sunflower plant height and head diameter in order to evaluate success of selection of these traits. Fifteen sunflower populations were evaluated. Heritability values, in broad and narrow sense, were estimated in order to find out the proportion of genetic and additive factors in phenotypic expression of these traits. Study showed that the broad sense heritability for plant height ranged from 6.73% to 72.53%, while in the narrow sense it ranged from 4.76% to 95.44%. The broad and narrow sense heritability, for head diameter, varied from 0.15% to 52.58% and from 26.27% to 94.61%. Differences in heritability estimates are attributable to different genetic background of studied populations.
Introduction
Plant height and head diameter always had important role in breeding strategy of sunflower (Helianthus annuus L.). In earlier periods of cultivation the Russian peasants took seeds for sowing from plants that had high and strong stem and a large head. Previous studies have found that plant height and head diameter are important traits affecting the yield in sunflower (Miller & Fick 1997 , Gvozdenović et al. 2005 .
Cultivation of sunflower in regions with various climatic and soil conditions resulted in the creation of varieties and hybrids with different plant heights. Plant height is considered a quantitatively inherited character (Putt 1966 , Marinković et al. 1982 with optimum height between 150 and 170 cm (Marinković et al. 2011) . Earlier study showed that plant height had the highest genotypic effect on seed yield ). Head diameter is of great importance in sunflower breeding because it has direct influence on seed yield via number of flowers and seeds. Previous studies showed that head diameter had high positive direct influence on sunflower seed yield (Farhatullah et al. 2006 , Machikowa & Saetang 2008 , Yasin & Singh 2010 .
Success in the breeding process largely depends on heritability, a proportion of genetic variance in total phenotypic variance. Heritability provides characterization of genetic structure in populations, varieties and F2 generations (Marinković et al. 2003) . The higher genetic proportion, the higher is heritability and selection for certain trait can be performed in earlier generations (Mijić et al. 2009) , and simpler are the selection procedures (Gill et al. 1998) . Heritability is divided into two forms, the broad and the narrow sense, according to Lush (1945) . The broad sense heritability preliminary report / prethodno saopštenje www.nsseme.com/journal.html
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This study is part of the research project no. TR-31025 "Development of new varieties and production technology improvement of oil crops for different purposes" sponsored by the Ministry of Education, Science and Technological Development of Republic of Serbia represents the ratio between genetic and total phenotypic variance, while in the narrow sense it represents the ratio between additive variance and general phenotypic variance. Both forms are not equally important for breeders. The broad sense heritability is of less importance in practice than in theory and cannot be used efficiently to estimate breeding value. It represents the variance of different genotypes (Vidović 1993) . The narrow sense heritability is of greater importance because it indicates how much parents phenotypes is a safe indication of their genotypes. Differences in heritability can be attributed to different genetic background for specific trait, therefore knowledge about heritability values in materials of interest is of great interest. Low values indicate that phenotypic expression of a trait is mostly due to non-genetic causes and selection should be performed in later generations, while higher values indicate that phenotypic expression is mostly due to genetic factors and selection for studied trait can be performed in earlier generations.
The aim of this study was to estimate heritability values for plant height and head diameter in sunflower in order to evaluate success of selection of these traits.
Materials and Methods
Initial material for this study included six sunflower varieties provided by the Institute of Field and Vegetable Crops, Novi Sad, Serbia. Material was crossed during 2010 according to scheme of incomplete diallel and during 2011 were produced 15 F2 and 30 BC generations. In 2012 parents, F1, F2 and BC generations were sown in a randomized block design in three replicates at the experimental field Rimski Šančevi of the Institute of Field and Vegetable Crops in Novi Sad. Plants were sown in 3.6 m long rows with 70x30 cm plant spacing. Basic plot size for parents, F1 and BC generations included four rows while for F2 generation 8 rows. Plant height and head diameter were measured in the stage of physiological maturity. The broad sense heritability was estimated using the formula according to Mahmud and Kramer (1951): h 2 b =x100 and the narrow sense according to Warner (1952): h 2 a =x100
Results and Discussion
Heritability estimates, in broad and narrow sense, for plant height are shown on Graph. 1. The heritability values are categorized according to Robinson et al. (1949) : 0-30% low, 31-60% moderate and over 60% high. Heritability values for plant height in the present study were low to high. The results showed that the broad sense heritability for plant height varied from 6.73% to 72.53%, while in the narrow sense it ranged from 4.76% to 95.44% (Table 1) . Low values of the broad sense heritability in progeny of crosses S1xS2, S1xS4, S1xS6 and S5xS6 indicate that phenotypic expression is not due to genetic factors and S1xS4 and the highest (52.58%) for population S2xS6 (Table) . Our results are similar to those in previous studies where Khan et al. (2001) reported moderate estimate (54.27%) and Safavi et al. (2011) determined low estimate of the broad sense heritability for head diameter. Contrary to our and the results of aforementioned authors, Sridhar et al. (2006) reported high estimate (92.05%) of the broad sense heritability for head diameter. The narrow sense heritability estimates ranged from 26.27% (S4xS6) to 94.61% (S3xS4). Although the broad sense heritability estimates were not high, populations S3xS4, S2xS4, S2xS6, S1xS5 and S2xS5 expressed high estimates of the narrow sense heritability, which is of greater importance, indicating successful selection because phenotypic expression is mostly due to additive effects and not due to dominance and epistasis. Our results are in accordance with results of Marinković et al. (2012) who also reported low to high narrow sense heritability estimates for head diameter.
Conclusions
For successful breeding process it is necessary to obtain information on all parameters that can influence the direction of selection. Heritability is valuable parameter in breeding process. Estimates of heritability, in broad and narrow sense, provides information on proportion of genetic and additive effects in phenotypic variance and thus evaluate the success of selection on studied trait. For a more accurate estimate of heritability it is necessary to observe studied parameters in few years (or different environments) because of their quantitative nature. Results from this study showed that heritability estimates, in both sense, were very different which is explained due to differences in genetic background in studied populations. Considering plant height, in populations S1xS2, S1xS4, S1xS6 and S5xS6 selection for this trait should be performed in later generations due to lower heritability values and higher influence of non-genetic factors. Populations S2xS6, S3xS4 and S4xS6 expressed high values of the narrow sense heritability suggesting success in selection for this trait. Head diameter expressed low to mid estimates in the broad sense while low to high estimates in the narrow sense heritability. The most successful selection for head diameter can be expected from populations S3xS4, S2xS4, S2xS6, S1xS5 and S2xS5 because of high additive gene effect in genetic basis of studied trait.
